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THE PATHOLOGY OF THE NERVOUS SYSTEM IN
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H. M. ZIMMERMAN
The concept of a positive agent, such as a bacterium or virus, a
chemical substance, or a physical agent, producing injury to tissue is
so well ingrained in medical thought that it has actually hindered
our understanding of the whole problem of avitaminosis. Especially
is this truein the morerestricted field ofthevitaminsthat are respon-
sible for the maintenance of the health of the nervous system. That
the absence from the diet of an agent like an accessory food factor-a
vitamin-could produce injury to nervous tissue was unsuspected 45
years ago. This concept has met strong resistance on the part ofthose
who championed an infectious agent as the etiology of beriberi and
spoiled maize or a bacterial infection as the etiology of pellagra. It
was indeed a great step forward, therefore, when Eijkman2 proved
that he could produce a beriberi-like lesion in the fowl with a diet
ofpolished rice, which has since been found lacking in vitamin B1.
Since Eijkman's day we have progressed far in our knowledge
ofdeficiency states. We have learned that the so-called polyneuritis
of human beriberi is not an inflammatory condition of the peripheral
nerves at all (Fig. 1), but a purely degenerative one, affecting first
the myelin sheaths and only later the axis cylinders (Fig. 2). There
is thus a time when the correction of the deficient diet or, better still,
when the necessary vitamin (B1 or thiamin), supplied in pure form
and in excess, produces both an amelioration of the clinical symp-
tomatology and a restitution to normal of the pathologic picture.
Likewise, beyond the stage of axone destruction a permanent injury
remains, even if the process is arrested with the availability of thia-
min. This injury consists of the disappearance of the effected fasci-
culi and their replacement by fibrous connective tissue (Fig. 3).
The sensory nerves are more involved than are the motor; the
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demyelination progresses centrally to the posterior nerve roots of
the spinal cord.
It is to be noted that although at present the etiology, preven-
tion, and treatment of the peripheral neuropathy of human beriberi
are well understood, its pathogenesis is completely in the dark.
Animal experimentation has served to clarify first the etiologic role
which the antineuritic vitamin (thiamin) plays in beriberi and then
the progression of the anatomic changes in this disease, but as yet it
has yielded no clue astothe mechanism bywhich the nerve degenera-
tion is produced.
Typical cases ofberiberi, such as are frequently seen in the Orient
and in South America, are encountered but rarely in the United
States except for certain sections on the West Coast. But the neuro-
pathy of beriberi is found in this country with considerable frequency
under a variety of different circumstances and in association with
other organic diseases.14 It has been described in chronic alcoholism,
in persistent vomiting of pregnancy, and in certain cases of diabetes
mellitus. "Polyneuritis" has been observed in tuberculosis and in
malignancy of the alimentary tract, in arteriosclerotic heart disease
with congestive failure, and in hyperparathyroidism. Undoubtedly
it occurs under many other circumstances. That the peripheral
nerve lesions are the result of B1-avitaminosis has been proved quite
conclusively for chronic alcoholism,3' 9and strong evidence exists to
indicate that this is true also for at least some of the other condi-
tions.10 The underlying disease that is responsible for the avita-
minosis differs in each instance, but it always produces a severe grade
of malnutrition. The essential vitamin is either not ingested because
of voluntary food restriction or is not absorbed because of vomiting,
disturbances in digestion, or diarrhea, or is not assimilated.
If the problem of beriberi is relatively simple because it repre-
sents a deficiency of but a single dietary factor, the problem of pel-
lagra is complicated indeed, forundoubtedly this condition represents
a multiple deficiency disease. It is by no means a rare condition
limited, in this country, to the southern states. It is prevalent among
the indigent everywhere and occurs under circumstances that are
similar to those responsible for beriberi. Among its frequent ner-
vous manifestations, paresthesia, ataxia, altered reflexes, and motor
weakness are most prominent. The anatomic basis for some of these
neurologic signs is a peripheral "neuritis" which is indistinguishable
from that which occurs in beriberi. But in pellagra there also fre-
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quently appear changes in the fiber tracts of the spinal cord. These
changes consist of degeneration of the medullary sheaths of the
posterior columns and occasionally of the anterior and lateral pyrami-
dal tracts (Fig. 4). In rare instances the lateral sensory tracts are
similarly involved. The degenerated myelin sheaths are ultimately
replaced by gliosis. Such changes are not found, of course, in every
case of pellagra, but they occur with sufficient regularity to constitute
an integral part of the pathologic picture.
Another frequent alteration in the nervous systems of pellagrins
is that change in the ganglion cells which is called "axonal" or
"primare Zellreizung" of Nissl (Fig. 5). This cellular change is
found in the giant cells of Betz in the motor cortex and in the
anterior horn cells of the spinal cord. As yet, all experimental
efforts to reproduce this type of cellular change by means of deficient
diets have been to no avail.
Recent experiments with riboflavin5 " have shown that identical
spinal cord lesions can be produced regularly in the dog with diets
deficient in this substance (Fig. 6). As yet, however, there are no
clinical observations on the effect of this substance on the cord lesions
in pellagra. In only one instance'3 has experimental evidence been
adduced to indicate that cord lesions will develop in animals receiv-
ing riboflavin. This particular deficiency is also responsible for
demyelinating changes in peripheral nerves-changes of the same
type as are produced by B,-deficiency. And in pellagra the symp-
toms of "neuritis," as has been shown by Spies and his
co-workers,6' 7, 8 are improved only with the administration of vita-
min B,. It is interesting to observe that the dermal and alimentary
tract lesions of pellagra are benefited only by nicotinic acid and the
peripheral neuropathy by thiamin. Thus, already two factors are
known and possibly also riboflavin, whose absence from the diet is
responsible for the production of pellagra.
In both chronic alcoholism and pernicious vomiting of pregnancy
there often occur changes in the brain of a pseudo-encephalitic,
hemorrhagic variety named after Wernicke.'4 In the early stages
these changes consist of capillary dilatation and hemorrhage, with a
minimal amount of leukocytic and lymphocytic perivascular infiltra-
tion (Fig. 7). The capillaries then begin to proliferate, the endo-
thelium becomes swollen and the constituent cells undergo mitotic
division. There is an increase in the perivascular connective tissue,
which imparts great prominence to the blood vessels it surroundsYALE JOURNAL OF BIOLOGY AND MEDICINE
(Fig. 8). The ganglion cells gradually disintegrate and are replaced
by astrocytes, microglia, and fibroblasts. Mononuclear phagocytes
filled with fat and other debris are conspicuous at first, but gradually
disappear. The end-stage of the process is represented by vascular-
ized scar tissue. These changes transpire in certain zones of predi-
lection, these beingthe periventriculargray matter, especially around
the third ventricle, the mammillary bodies, the peri-aqueductal
region, the corpora quadrigemina, and the cranial nerve nudei
beneath the ependyma of the fourth ventricle. The lesions can often
be recognized as brownish discolorations on macroscopic examination
of the involved portions of the brain. One or another of the enu-
merated zones may escape involvement.
No clue was obtained until very recently of the etiology of this
superior polio-encephalitis hemorrhagica of Wernicke. In 1934,
however, Prickett4 described hemorrhagic lesions in the floor of the
fourth ventricle of vitamin B1-deficient rats. In 1938, Alexander
and his associates' described similar lesions in the brains of pigeons
which developed beriberi, and these workers related their findings
to Wernicke's disease. In our own laboratory, a review of earlier
work on B1-avitaminosis12 has disclosed the fact that the experi-
mental counterpart of Wernicke's disease has been, produced in
pigeons (Fig. 9) and in dogs (Fig. 10) with amazing regularity in
the chronically deficient animals. This has escaped our attention
for a long time. Prickett more recently has been repeating his
earlier work with carefully controlled B1-deficient diets and has
again succeeded in producing hemorrhagic, pseudo-encephalitic
lesions in the rat (Fig. I 1). Diets deficient in riboflavin, nicotinic
acid, and B6 do not produce these changes. It seems fair to say at
present that no other vitamin deficiency is responsible for them.
The problem of the pathology of the nervous system in vitamin
deficiencies is thus intimately associated with vitamin B1 or thiamin
deficiency, and with riboflavin deficiency. The former is responsible
for the peripheral neuropathy or "polyneuritis" and for the hemor-
rhagic polio-encephalitis of Wernicke; the latter is probably respon-
sible for the fiber tract degeneration in the spinal cord and for some
of the demyelination of peripheral nerves.
Summary
Lesions of the nervous system produced experimentally in
pigeons, rats, and dogs which have been fed vitamin B1-deficient
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diets are compared with the polyneuritides which occur in human
beriberi, chronic alcoholism, vomiting of pregnancy, diabetes melli-
tus, and a variety of other organic diseases. These peripheral nerve
lesions are non-inflammatory, consisting first of medullary sheath
destruction and later of axone disintegration also. Differences are
shown in the anatomic changes resulting from acute as compared
with chronic deficiencies of this vitamin.
The nutritional factors underlying pellagra are presented from
an analysis of human cases and experimental data. The nervous
system pathology as it occurs in man is compared with that produced
experimentally. Peripheral nerve demyelination is found quite
regularly, but in addition there is posterior column degeneration.
In isolated instances the lateral spinal sensory and the pyramidal
tracts are similarly involved. In man alone do the Betz cells in
the motor cortex disdose pathologic changes of the "axonal" variety.
Attention is directed to the frequent association between the
Wernicke type of hemorrhagic pseudo-encephalitis and B1-avita-
minosis. The experimental counterpart of this lesion is presented
in some detail.
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Confin. Neurol., 1938, 1, 6-39.FIG. 1. A. Inflammatory lesion in posterior tibial nerve of an adult male with
symptoms of neuritis. H & E stain; X 125.
B. Same nerve showing partial myelin destruction. Note ballooning,
thickening, and fraying of some of the fasciculi. Spielmeyer stain;
X 125.ISN4
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FiG. 2. Sciatic nerve of 23-year-old woman with peripheral neuritis complicating
severe vomiting of pregnancy.
A. Fat droplets in fasciculi. Marchi stain; X 250.
B. Intrafascicular fatty droplets. Sudan III stain; X 250.
C. Extensive demyelinating process. Kultschitzky stain; X 250.
D. Fragmentation and fraying of axis cylinders. Bielschowsky
stain; X 550.
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FIG. 3. Superficial peroneal nerve of 32-year-old chronic alcoholic woman
with symptoms of peripheral neuritis. Note atrophic funiculi and perineural fibro-
blastic proliferation. Sudan III stain with hematoxylin counterstain; X 95.
FIG. 4. Spinal cold of 69-year-old man with pyelonephritis, prostatic carci-
noma, and extreme malnutrition. Note demyelination of sensory and motor tracts.
Spielmeyer stain; X 12.
--t -,ZFIG. 5. Motor cortex of patient described under Fig. 3.
in giant cells of Betz. Nissl stain; X 375.
FIG. 6. Spinal cord of dog. Diet deficient in riboflavin.
of posterior columns. Marchi stain; X 12.
U.
"Axonal" change
Note degenerationFIG. 7. Mammillary body of 38-year-old chronic alcoholic woman. Increased
number of blood vessels, vascular congestion, and fresh focal hemorrhages. Nissl
stain; X 58.
FIG. 8. Mammillary body of 35-year-old chronic alcoholic woman. Increased
vascularity and perivascular fibrosis. Drawing of preparation stained by Klarfeld
modification of Achucarro's tannin-silver method.FIG. 9. Periventricular hemorrhages in pigeon with beriberi produced with a
diet of polished rice. Nissl stain; X 23.
FIG. 10. Region of colliculi in B,-deficient dog. Increased vascularity and
cellular proliferation. Nissl stain; X 20.
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FIG. Il. Floor of fourth ventricle in B -deficient rat. Note extensive capil-
lary and glial proliferation in zone of ganglion cell destruction. Nissl stain; X 70.
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